Starting from IP-Glasma initial conditions, we investigate the effects of bulk pressure on thermal dilepton production at the Relativistic Heavy Ion Collider (RHIC) and the Large Hadron Collider (LHC) energies. Though results of the thermal dilepton v 2 under the influence of both bulk and shear viscosity is presented for top RHIC energy, more emphasis is put on LHC energy where such a calculation is computed for the first time. The effects of the bulk pressure on thermal dilepton v 2 at the LHC are explored through bulk-induced modifications on the dilepton yield.
Introduction
Extracting the properties of the medium created in relativistic heavy-ion experiments, be it at the Relativistic Heavy Ion Collider (RHIC) at Brook Haven National Laboratory or the Large Hadron Collider (LHC) at CERN, is at the center of modern high-energy nuclear research. The thermodynamical properties of a hot and dense strongly interacting medium at zero chemical potential, such as its speed of sound, was computed using ab initio lattice Quantum Chromodynamics ( QCD) calculations [1, 2] . A recent comparison, via Bayesian analysis, of Markov Chain Monte Carlo (MCMC) simulations and experimental data [3] shows that a parametrization of the speed of sound that is close to that of QCD calculations is consistent with data, thus providing an independent method of extracting the speed of sound of QCD. In addition to its thermodynamical properties, experiments at RHIC and the LHC are also striving to extract near-equilibrium properties of QCD, specifically its dissipative transport coefficients such as bulk viscosity (ζ), shear viscosity (η), net baryon number conductivity (κ B ) as well as the relaxation times associated with the bulk pressure (τ Π ), the shear tensor (τ π ), and net baryon number diffusion (τ B ). Hadronic observables are more sensitive to some of these transport coefficients than others, for instance they are more sensitive to η then they are to τ π [4, 5] . An increased sensitivity to all transport coefficient can be obtained via the inclusion of electromagnetic probes, such as lepton pairs, in addition to hadronic observables. Indeed, electromagnetic probes are emitted throughout the entire evolution of the medium and are therefore sensitive to earlier hotter periods where dissipation effects are larger.
We will focus on thermal lepton pair (dilepton) production in this contribution. Thermal dileptons have shown to be sensitive to some of the above mentioned transport coefficients [5, 6, 7] , and this study continues the efforts in that direction by investigating the influence of the bulk viscosity ζ on dilepton radiation.
Initial conditions and viscous hydrodynamics
The hydrodynamical simulations that are at the heart of this study use the IP-Glasma initial conditions [8, arXiv:1703.06164v1 [nucl-th] 17 Mar 2017 9]. The dynamical equations describing the evolution of the fluid consist of energy-momentum conservation ∂ µ T µν = 0, and relaxation equation for the dissipative bulk pressure (Π) and shear tensor (π µν ) , which are given below in Eq. (1). The energy-momentum tensor is given by T µν = εu µ u ν −(P+Π)∆ µν +π µν , where ε is the energy density, u µ is the flow four velocity, P is the thermodynamic pressure related to ε by the equation of state P(ε) [10] , ∆ µν = g µν − u µ u ν , and g µν = diag(+, −, −, −) is the metric tensor. The relaxation equations for Π and π µν are:
It is assumed that the ratio η/s of shear viscosity over the entropy density (s) is almost temperature independent, while the bulk viscosity over entropy density ratio ζ/s is temperature-dependent as shown in Ref. [8, 9] . The prescription used to fix the second-order transport coefficients is also explained in those two references. To admit a weak temperature dependence of η/s, we allow for the η/s to change slightly between collision energies at the top RHIC energy √ s NN = 200
GeV and at the LHC energy of √ s NN = 2.76 TeV. The temperature dependence of specific bulk viscosity ζ/s remains the same throughout. Hydrodynamical simulations are run until the switching temperature (T sw ) between hydrodynamical degrees of freedom and hadrons is reached, following which UrQMD simulations are used to describe later dynamics. The switching temperature determined to best describe hadronic observables at top RHIC collision energy was found to be T sw = 165 MeV, whereas at LHC energy that temperature is slightly lower, namely T sw = 145 MeV [8, 9] . Note that the baseline model, consisting of hydrodynamical and UrQMD simulations, is solely used when computing hadronic observables. Dilepton production, explored in the next sections, are not yet done within a hadronic transport model such as UrQMD. Hence the calculations shown herein are exploratory, as they do not yet contain the entire dynamics.
Thermal dilepton rates
At leading order in the electromagnetic coupling (α), thermal dilepton rates can be written as:
where T is the temperature of the medium, and Π R, γ * = g µν Π µν R, γ * is the trace of the retarded virtual photon selfenergy. Eq. (2) is valid to all orders in the QCD coupling α s . M 2 = p µ p µ , where M is the virtual photon invariant mass, p µ is the virtual photon four momentum. There are two sources of thermal dileptons considered in this study, one hadronic and the other partonic. The partonic dilepton emission rate is computed using the Born approximation of quark-antiquark annihilation, which is directly proportional to the quark/antiquark distribution functions [11] . In a dissipative medium, these distribution functions acquire viscous corrections accounting for the deformation viscosity induces on the thermal Fermi-Dirac distribution. The correction to the distribution function owing to the shear tensor is computed using the 14 moment approximation first proposed by Israel and Stewart [12, 13] , whereas the correction owing to bulk viscous pressure is computed using the relaxation time approximation to the modified Boltzmann equation presented in Ref. [9] .
In the hadronic medium (HM), the major source of dileptons originates from in-medium decay of vector mesons, which is well described by the Vector meson Dominance Model (VDM). VDM allows to relate the Π V , the self-energy Π V of vector mesons in the medium is required, the latter being composed of both thermal and dissipative contributions. The thermal rate and its shear viscous corrections are discussed in detail in Ref. [11] . Bulk viscous corrections to the thermal distribution function are computed using the relaxation time approximation of the Boltzmann equation [9] . The bulk-and shear-modified thermal distribution function is in turn employed to calculate the bulk-and shear-viscous corrections to the selfenergy Π V .
The interpolation between the hadronic and partonic degrees of freedom is done using a linear function in temperature giving the QGP fraction of a space-time cell. Consistent with the equation of state [10] , the linear interpolation is performed within the interval 184 < T < 220 MeV. Dilepton emission was only evaluated above the switching temperature, which is T sw = 165 MeV at RHIC and T sw = 145 MeV at LHC energies, as mentioned in the previous section. Dilepton production from the hadronic transport dynamics will be explored and added in the near future.
Results
The top panel of Fig. 1 shows the dilepton radiation at LHC energies for three different media. All three simulations use the same initial condition. The medium having solely shear viscosity with η/s = 0.16 (in dark blue), had its specific shear viscosity adjusted to obtain a good fit to the elliptic flow of charged hadrons [8] . The medium with bulk and shear viscosity (in red) had its specific shear viscosity lowered to η/s = 0.095 in order to obtain a similarly good fit to hadronic observables. The medium in light blue uses the same shear viscosity as the one in red and its bulk viscosity was set to vanish, so it does not describe the hadronic observables as well as the other two cases. Dilepton radiation from QGP and hadronic sectors of each combination of bulk/shear viscosity are shown separately in the top panel of Fig.  1 . The temperature dependence of bulk viscosity is such that it has a sharp peak at T ∼ 180 MeV [8, 9] , which occurs in the hadronic sector of the medium in our equation of state [10] . Therefore, our ζ s (T ) is generating a localized increase of entropy generation, which will cause a reduced cooling rate for T 185 MeV as illustrated in the bottom panel of Fig. 1 . This leads to an increased hadronic invariant mass dilepton yield, whereas the QGP sector is barely modified.
The total thermal (partonic and hadronic) dilepton v 2 is shown in the top panel of Fig. 2 GeV that the yield goes from being HM dominated to having a significant QGP contribution. Therefore, the fact that the HM dilepton yield for the media with shear and bulk viscosity is greater than the HM dilepton yield with just shear viscosity becomes important (see top panel of Fig. 1 ). Indeed, bulk viscosity reduces the expansion rate during the hadronic stage of the evolution, giving more weight (through a larger space-time volume) to the stronger elliptic flow in the hadronic stage, thereby increasing the total v 2 for M > 0.85 GeV. At top RHIC energy, the value of η/s needed to be reduced to 0.06 in order to reproduce hadronic observables [8, 9] . Using this value of η/s, the dilepton radiation at the RHIC is shown in the bottom panel of Fig.  2 . The fact that thermal dilepton v 2 of the medium with bulk and shear viscosity increases for all M relative to the medium with just shear viscosity, has to be related with the fact that T sw at RHIC is higher than at LHC. At RHIC, dileptons become more sensitive to the dynamical evolution of the medium occurring at higher tem-peratures, owing to the larger T sw , which reduces the hadronic contribution. At LHC energy, the weight of the high-relative to low-temperature dynamics on the total dilepton yield is reduced, since T sw is lowered and thus the volume of HM dilepton radiation is dynamically increased. So, the size of the bulk-induced modification to the development of anisotropic flow is related to the interplay between T sw and the sharp peak in temperature of ζ/s. An in-depth exploration of these novel dynamics is beyond the scope of these proceedings and will be done in an upcoming publication.
To determine whether experimental observations at RHIC will be sensitive to the bulk viscosity effects seen in our v 2 calculation, a more complete calculation including dilepton emission from the low density posthydrodynamical hadronic medium, which is presently neglected, should be added. To this end, a dilepton calculation from the hadronic transport model is currently being done.
Conclusion
In this contribution, we have shown that thermal dileptons are highly sensitive to the details of the hydrodynamical evolution both at RHIC and at LHC energies. While the behavior of dilepton elliptic flow at the LHC is driven by the increase of the yield of the HM, the behavior of v 2 at top RHIC energy needs to be investigated further. Whether or not this behavior can be measured at RHIC depends on how much dilepton yield and anisotropic flow is generated during hadronic transport phase of the medium, which will be explored by including a dilepton calculation from hadronic transport in addition to the current hydrodynamical simulation.
